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Insecticide-Resistance
A Review of Developments in 1958 and 1959

DON W. MICKS 1

Since the last review of the problem of insecticide-resistance was presented in this
journal at the beginning of 1958, resistance has been discovered in 16 new species, and in at
least 14 species both the geographical distribution of resistant populations and the types of
resistance encountered have increased. In view of the vital importance offinding an answer
to this problen, plans were made by WHO early in 1959 for an intensified programme of
research. The new review of the situation presented below is a first step in the direction of
carrying out this programme. It follows the same plan as the previous review, the first part
giving details of the growth of insecticide-resistance, species by species, and the second part
outlining the developments that have taken place in research. Fourteen of the species that
have newly acquired resistance are anophelines and in thirteen of these resistance is to
dieldrin only. Convincing evidence has been obtaiUed in favour of the theory that the
emergence ofresistance is brought about by selection pressure exertedby the insecticide, and
much light has been thrown on the biochemical mechanisms of detoxication. Research on
the phenonmenon of cross-resistance and on the genes responsible for the inheritance of
resistance has continued. In the light of the various findings, it has been possible to mr-ake
some progress towards the development of new insecticides that are more toxic to the
present resistant strains than to normal ones.

The status in 1956 of insecticide-resistance in
arthropods of public health importance has been
evaluated by Quaterman & Schoof (1958), and
developments in the resistance problem during 1956
and 1957, both in terms of its growth throughout the
world and research undertaken, have been reviewed
by Brown (1958a). More recently, a detailed
analysis of resistance in arthropods, including its
evolution and current status, has been published
(Brown, 1958b). Recognizing the increasing mag-
nitude of the problem, WHO organized a meeting of
a Research Planning Group on Insecticide Resist-
ance and Vector Control which met in Geneva in
January 1959 to draw up an intensified programme
of research. The approval of this proposed pro-
gramme, reflected in the action of the Twelfth World
Health Assembly, necessitated a review of the current
status of insecticide-resistance prior to implementa-
tion of the research plan. Consequently, this review
covers the period 1958 through August of 1959,
separate consideration being given to (1) the geo-

1 Formerly Scientist (Biologist), Division of Environ-
mental Sanitation, World Health Organization, Geneva,
Switzerland

graphical extension of resistance in arthropods of
public health importance, and (2) pertinent research
developments.

EXTENSION OF INSECTICIDE RESISTANCE

The dynamic nature of insecticide resistance is best
emphasized by a comparison of the number of new
resistant species discovered during the period of the
last review (Brown, 1958a)--three only-with the 16
reported during 1958 and 1959. Most striking of all
is the fact that 14 of these are anophelines (Anopheles
albimanus, A. pseudopunctipennis, A. aquasalis,
A. sergenti, A. pharoensis, A. culicifacies, A. fluvia-
tilis, A. pulcherrimus, A. coustani, A. minimus
flavirostris, A. annularis, A. vagus, A. barbirostris,
and A. subpictus mnalayensis). It is of further interest
that in 13 of these species, resistance is to dieldrin
only. The other two species in which resistance has
been discovered are Culicoides furens and Lucilia
cuprina. In addition, a number of new types of
resistance have occurred in already resistant species.
There has been an increase in both the geographical
area covered by resistant populations and the types
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of resistance encountered in at least 14 of the 28
species discussed below.

Anopheles gambiae

The known range of the occurrence of dieldrin-
resistance in this species has been extended to the
coastal rain forest of the Ivory Coast by the finding
of resistance in larvae from Adiopodoume, near
Abidjan, and from La Bia, near Aboisso (Adam et
al., 1958). The presence of a gene for dieldrin-
resistance in the areas of Banco and Adiopodoume,
which had not been treated with BHC or dieldrin,
was subsequently confirmed (Adam, Hamon &
Chevalier, 1958). All areas in Western Sokoto,
Northern Nigeria, which have been sprayed either
with dieldrin or gamma-BHC show a high degree of
dieldrin-resistance with cross-resistance to BHC.
There is no indication of resistance to DDT (Arms-
trong, Ramsdale & Ramakrishna, 1958). The gene
conferring resistance to dieldrin and BHC appeared
to be increasing in the wild population in Kano,
Northern Nigeria, which showed 500% homozygotes
and 420% heterozygotes. Mixed populations from
Western Sokoto showed 54% homozygotes and 36%
heterozygotes. The factor conferring resistance to
BHC has also appeared in 660% of the population
sampled in Freetown, Sierra Leone (Elliott, 1959).
The populations in those areas of Western Sokoto
where BHC only had been applied appeared to be
homozygous for dieldrin resistance, in contrast to the
mixed populations found in areas where DDT only
had been used (Ramakrishna & Elliott, 1959).
Dieldrin-resistance in this species was recently
reported from the Northern Cameroons (communi-
cation from the Division of Malaria Eradication,
WHO, 29 July 1959).

Anopheles stephensi
The presence of dieldrin-resistance throughout the

whole area of Djiroft up to Bandar Abbas, in south-
ern Iran, was confirmed recently. Previous reports
from research stations in these localities indicated
that this species had been collected on dieldrin-
sprayed surfaces one month after the spring spraying
(C. Mofidi-personal communication to WHO,
26 July 1959).

Anopheles subpictus
Dieldrin-resistance and DDT-tolerance have been

shown to occur in Kebonlant, Semarang District,
Java, where there was 880% survival on one-hour
exposure to 4% dieldrin and 84% survival on

exposure to 20% DDT (Ronnefeldt, in an unpub-
lished report to WHO, 1957). The increased DDT-
tolerance of the dieldrin-resistant population was
subsequently confirmed (Ronnefeldt & Chow, in an
unpublished report to WHO, 1958). The degree of
resistance, as measured by the minimum lethal con-
centration (MLC), in an area near Delhi in 1957 was
much higher than fifty times the baseline value
obtained in 1955 (Sharma and Kalra, 1958). The
LC50 to dieldrin at several localities in Bombay
State has been reported to be in excess of 6.0%,
whether these areas had been previously treated with
DDT or not (T. R. Rao and Bhatia-personal
communication to Malaria Institute of India, 1957).
In the Simra area of Nepal, A. subpictus has been
shown to be resistant to DDT (Pant, 1958).' Both
A. suibpictus subpictus and A. subpictus malayensis
have been reported to be highly resistant to dieldrin
in certain localities in central Java (Chow, 1958).'

Anopheles pharoensis
Dieldrin-resistance, accompanied by increased

tolerance to DDT, was reported recently in two
areas of Egypt (communication from Division of
Malaria Eradication, WHO, 21 September 1959).

Anopheles sacharovi
Following control failures with DDT, specimens

tested before fat-body development at Dadin Bala
and Polabgineh, district of Kazerun in southern Iran
showed an LC50 well in excess of4% (Zulueta et al.,). 2
A high DDT-resistance was discovered in Ozel
Bahsis near Tarsus, Turkey. Twenty-four-hour
exposure to 4% DDT produced only 17.5%
mortality. Marked resistance to dieldrin was found
in the Skala area of Greece. Although DDT-
resistance was also demonstrated, the bulk of the
population remained susceptible (Zulueta, 1959).

Anopheles sergenti
In November 1958, pronounced dieldrin-resistance

was discovered in both larvae and adults in Jordan at
Fashkha swamp on the Dead Sea (Garrett-Jones,
1958) 3. This species remains susceptible to DDT,
which has not been used in this locality.

1 Reported in unpublished working document WHO/
Mal/224; WHO/Insecticides/95

2 Zulueta, J. de, Jolivet, P., Thymakis, P. & Caprari, P.
(1957) A survey of anopheline susceptibility to insecticides in
Iran (unpublished working document WHO/Mal/188)

3 Reported in unpublished working document WHO/
Mal/224; WHO/Insecticides/95
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Anopheles pulcherrimus and Anopheles coustani

The presence of a marked resistance to dieldrin
was demonstrated in 1958 in several villages of the
Qatif oasis in the Dhahran area of Eastern Saudi
Arabia. The MLC's ranged from approximately
0.4%0 to more than 1.6%. Both species were sus-
ceptible to DDT (Peffly, 1959).

Anopheles fluviatilis
Strains from three dieldrin-sprayed villages and

one garden in the vicinity of Dhahran, Eastern Saudi
Arabia, were all found to be resistant to dieldrin,
the LC50's ranging from 1.5o% to more than 1.6o%.
There was no indication of DDT resistance (Peffly,
1959).

Anopheles vagus, Anopheles barbirostris and
Anopheles annularis
Dieldrin-resistance in these species has been

reported from certain localities in Central Java,
including one area which had been treated with
DDT only. Resistance was not demonstrated in
unsprayed areas. These species remained susceptible
to DDT (Chow, 1958).'

Anopheles culicifacies
This species was discovered to be resistant to

dieldrin in the Potgaon area of Bombay State in
October 1958, a maximum mortality of 39% being
obtained with one-hour exposures to 1.6% dieldrin.
There was also an increased tolerance to DDT
(Patel et al., 1958).1

Anopheles minimus flavirostris
Confirmation has been received recently that this

species has developed resistance to dieldrin in the
Philippines, with some cross-resistance to BHC
(communication from Division of Malaria Eradica-
tion, WHO, 29 July 1959). Detailed test results are
awaited.

Anopheles albimanus
Within a space of five months (July-November,

1958) resistance to dieldrin in this important malaria
vector was discovered in four Central American
countries. A high degree of dieldrin resistance was
first encountered in the localities of Metalio, Acat-
jutla, La Libertad, Tecomatal, Sirama and Olomega,
El Salvador. A moderate level of DDT-resistance
was also present in most of these areas (Duret,

I Reported in unpublished working document WHO/
Mal/224; WHO/Insecticides/95

1958).1 Resistance to both insecticides was discov-
ered in the towns of San Rafael, San Domingo and
Melara in February 1959 (Parada, 1959).1 Dieldrin-
resistance alone was also encountered in Finca
Varsovia, Puerto San Jose, Nueva Concepcion and
Zacapa, Guatemala (Dary, 1958).1 Marked dieldrin-
resistance was encountered in Chinandega and
Managua, Nicaragua, two-hour exposures to 1.6%
dieldrin producing only 6.90% mortality. DDT-
resistance was also present in Managua (Heredia,
1958).1 In Novembet 1958, resistance to dieldrin was
reported in the localities of Comayagua and Nama-
sique in Honduras, and by February 1959 it had
extended to La Isla. Resistance to DDT as well was
reported from Comayagua (Austin, 1958; 1959).1
About the same time, dieldrin-resistance was dis-
covered in Belize, British Honduras (Heredia,
1959).1

Anopheles aquasalis
This species, the principal vector of malaria in

Trinidad, developed dieldrin-resistance in the area of
Barataria in the same year in which the insecticide
was introduced (1958). Eight-hour exposures to
4.0% dieldrin produced only 69% mortality (Omar-
deen, 1959). Resistance to dieldrin was subsequently
found in Moruga (van Seventer, 1959).1

Anopheles pseudopunctipennis

Following control failures, dieldrin-resistance was
discovered in several localities of the State of
Morelos in Mexico between July and September of
1958. Resistance had not extended to DDT,
although a certain tolerance had apparently de-
veloped (Martinez-Palacios, 1958).

Aides aegypti

Larvae collected from San Juan, Puerto Rico,
were shown to be resistant to DDT, 24-hour ex-
posures to 2.5 p.p.m. resulting in a maximum
mortality of 80% (I. Fox-personal communication
to WHO, 26 March 1959).

Aides nigromaculis

After parathion had been in use for six years in
Kings Mosquito Abatement District in California,
control failures were reported. Larvae from females
collected in this area showed a two-fold resistance to
parathion at the LC50 level, and a 68-fold resistance
at the LC90 level, when compared with larvae from
females collected near Fresno (Lewallen & Brawley,
1958).
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Culex fatigans
Adult specimens of this mosquito obtained from

an RAF establishment at Kuala Lumpur, Malaya,
which has received monthly residual treatments of
DDT since 1945 showed 64% survival on test
exposure to 5 % DDT. One application of dieldrin
had been made in 1955, and tests made in 1957
showed an LC50 of 1.4% dieldrin as against the
normal value of 0.4% for Malayan strains (Laird,
1958). Adults of a strain from Calcutta showed only
32% mortality following one-hour exposures to 3 %
DDT (Sen-personal communication to WHO,
9 March 1959). Large numbers of C. fatigans caught
in houses sprayed with dieldrin or dieldrin-resin in
Mkokotoni, near Zanzibar town, showed approxim-
ately I1 % mortality upon one-hour exposures to 4%
dieldrin-impregnated papers. There is a history of
only one dieldrin spraying in August 1958 (unpub-
lished report to WHO, 1958). Adults collected from
Pala village in the region of Bobo Dioulasso, Haute
Volta, French West Africa, where residual spraying
with dieldrin has been carried out since 1955, showed
only 6% mortality to 4% dieldrin test papers,
whereas those from the unsprayed village of Karan-
kasso showed 79% mortality. The larvae from Pala
were also approximately seven times as resistant to
dieldrin and gamma-BHC as those from Karankasso.
On the other hand, adults from Bobo Dioulasso,
treated with DDT since 1955 were no more resistant
to DDT than those from Karankasso (Hamon,
Eyraud & Sales, 1958). Resistance to BHC became
evident in larvae from French Guiana in 1954, after
it had been in use for five years as a larvicide. Tests
made in 1957 showed LC50 levels to gamma-BHC
and dieldrin to be respectively 0.6 p.p.m. and 0.15
p.p.m., approximately 20 times the normal levels;
tolerance to DDT had increased approximately
5-10 times (Floch & Fauran, 1958).

Culex pipiens
Following the use of BHC over a five-year period,

larvae from Narbonne were found to be resistant
to dieldrin but remained susceptible to DDT (Hamon
et al., 1959).

Musca domestica
With the replacement of the chlorinated hydro-

carbon insecticides by organophosphorus com-
pounds for the control of houseflies in many parts of
the world, the spectrum of resistance has increased.
In addition to the physiological and behaviouristic
resistance to malathion encountered in field strains

from Savannah, Georgia, and Phoenix, Arizona, in
1956 (Kilpatrick & Schoof, 1958; Fay, Kilpatrick &
Morris, 1958), resistance to parathion and diazinon
has also been reported (Schoof & Kilpatrick, 1958).
In Florida, resistance to malathion in houseflies has
increased and in 1957 resistance extended to Dip-
terex, diazinon and parathion as well, resistance
levels to contact sprays reaching 133, 72, 38 and 18
times the normal, respectively. Resistance to mala-
thion and Dipterex baits was also present (Labrecque,
Wilson & Gahan, 1958). Marked malathion-resist-
ance has also been reported from Japan (Wheeler,
Newsom & Blakeslee, 1958). Diazinon-resistance has
been detected in New Jersey following control failures.
The most resistant field strain and two sub-strains
exhibited cross-resistance to DDT, methoxychlor,
chlordane, dieldrin, lindane, parathion, malathion,
dicapthon, Dow ET-57, Dipterex and Bayer 21/199
(Hansens, 1958). Resistance levels of 12.5 and 10.7
times the normal for pyrethrins and for pyrethrins
plus piperonyl butoxide aerosols, respectively, were
discovered on a farm (Wasa) near Stockholm
(Davies, Keiding & von Hofsten, 1958).

Lucilia cuprina
Following the unsatisfactory control of this sheep

blowfly with aldrin and dieldrin in isolated instances
in New South Wales, Australia, dieldrin-resistance as
high as 100-fold was shown to be present in field-
collected strains (Shanahan, 1958).

Culicoides furens
Larvae from a Florida marsh which had been

treated with dieldrin, malathion and heptachlor
showed more than 100-fold resistance to dieldrin,
heptachlor, chlordane and lindane, about 10-fold
resistance to endrin and no resistance to DDT,
malathion, parathion and Bayer 21/199 (Smith et
al., 1958).

Pediculus humanus humanus
A high degree of dieldrin-resistance has been

discovered in South Pare, Tanganyika, 24-hour
exposures to 4.0% dieldrin-impregnated papers
producing a mortality of approximately 8% (unpub-
lished report of the Pare-Taveta Malaria Scheme,
1958). In a survey conducted in Marseilles, Lille,
and Paris in 1958, seven strains were found resistant
to DDT, two resistant to BHC and one resistant
to pyrethrins, representing a considerable extension
of resistance in France (Sautet & Aldighieri, 1959).
A moderate degree of DDT-resistance has also
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developed in four districts of Bosnia and Hercego-
vina, Yugoslavia (Gaon et al., 1959) and in the Kabul
area of eastern Afghanistan (Gilbert),1 while moder-
ate to high resistance has been reported from a
prison and a mental hospital in Kampala, Uganda
(Barnley, personal communication to WHO, 7 June
1959).

Cimex lectularius
In addition to DDT-resistance encountered

previously in various parts of Israel, instances of
moderate resistance to BHC have also been reported
(Gratz, 1959). Resistance to DDT has been de-
monstrated in bed-bugs from Yokosuka (Japan),
Pusan (Korea), Columbus (Ohio) and two naval
vessels, and in the Kuskoa strain from Japan
resistance has extended to methoxychlor (Lofgren et
al., 1958).

Cimex hemipterus
Tropical bed-bugs from Mombasa, where dieldrin

treatments were observed to be losing their efficacy,
were shown to be resistant to dieldrin as well as to
DDT, and a strain collected from Bathurst, Gambia,
in 1958, following control failures with DDT, was
found to be resistant to BHC and dieldrin as well as
DDT (Busvine, 1958). Dieldrin-resistant bed-bugs
have been found in the Pare area of North-East
Tanganyika, following three cycles of dieldrin
treatment in a malaria control area (Smith, 1958).

Blattella germanica
Adults from premises in Alameda, California,

which had been treated for five years with chlordane
showed an LT50 more than 25 times the normal.
Control failures have been reported from the San
Francisco Bay area and elsewhere in California
(Report of Insect Vector Control Officer, US Naval
Air Station, Alameda, California, 1958). Chlordane-
resistance has also been reported in Corozal and
Curundu strains in the Panama Canal Zone, with
evidence of extension to lindane in Curundu roaches
(Zwick, 1959).

RESEARCH DEVELOPMENTS

During the period under review, significant
advances have been made towards the elucidation of
the genetic, physiological and biochemical mecha-
nisms underlying arthropod resistance to insecticides.
More recent investigations with Drosophila have

1 Unpublished WHO document MHO/PA/32.59

provided convincing confirmation of the emergence
of resistant strains through selection pressure exerted
by the action of the insecticide upon normal insect
populations harbouring the genetic pre-adaptations
for resistance (Bennett, 1958; Olenov, 1958).
Studies on the biochemical basis of resistance to
DDT and to the dieldrin-BHC group have increased
in number, and more effort has been devoted to the
problem of resistance to organophosphorus insec-
ticides than ever before.

Resistance to DDT

The fact that DDT was the first insecticide of the
chlorinated hydrocarbon group to be used on a
world-wide scale and the first to induce resistance
has naturally precipitated a greater research effort on
resistance to DDT than on resistance to any other
compound. In studies with houseflies, the role of
the detoxifying enzyme, DDT-dehydrochlorinase,
has been further elucidated as a result of its purifica-
tion (46 000 times) which revealed it to be a simple
protein, activated only by glutathione or cysteinyl-
glycine (Lipke & Kearns, 1959a, 1959b). Upon
crossing a resistant with a susceptible strain con-
taining no enzyme, the F, hybrids were found to have
intermediate amounts of DDT-dehydrochloripase.
Segregation in back-cross experiments indicated
monofactorial inheritance of this enzyme (Lovell &
Kearns, 1959). The genetic factor for DDT-resist-
ance in the Orlando strain shows the same linkage
relationships as the kdr gene of the Latina strain,
and although the genes are different they owe their
dominance to the presence of the same genetic
modifier (Milani, 1959). It has been shown that
different strains pick up DDT at different rates, the
detoxification of DDT to DDE increasing with time
of exposure, and that knocked down flies have a
higher content of absorbed DDT, with a smaller
proportion converted to DDE, than those that
survive (Labrecque et al., 1959).
There is evidence that although the adults of a

susceptible strain do not contain DDT-dehydro-
chlorinase, the larvae may possess it in considerable
amounts (Moorefield, 1958). It has been shown
that DDT-resistant larvae grow faster and exhibit a
higher survival rate than those from a susceptible
strain when in mixed larval cultures (Boggild &
Keiding, 1958). In studies with housefly homogen-
ates, both cytochrome oxidase and succinic dehydro-
genase were specifically inhibited by DDT, the
amount of inhibition increasing with a decrease in
the enzyme concentration (Barsa & Ludwig, 1959).
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Biochemical differences between susceptible and
resistant strains of flies have been studied by several
investigators. No difference in alkaline phosphatase
was found between resistant and normal strains,
although resistant females showed a somewhat
higher acid phosphatase content than susceptible
ones (Alexander, Barker & Babers, 1958). Free
glutathione levels were essentially the same in
DDT-resistant as in susceptible strains, the latter
appearing to incorporate cysteine into glutathione
and to metabolize it more rapidly (Cotty & Henry,
1958). No significant differences in lipoid content
between susceptible and DDT-resistant strains of
flies could be detected, nor could qualitative inter-
strain differences in lipoids be correlated with
resistance (Micks & Singh, 1958). Extracts of
multiresistant strains exposed to DDT, diazinon, or
a carbamate insecticide exhibited a greater capacity
for maintaining a stable lipoprotein complex,
thereby resisting toxic action (Reiff, 1958).

DDT-resistance in three strains of D. melano-
gaster was apparently derived from polygenes,
although the highest resistance was conferred by the
gene on the second chromosome. Cross-resistance
between DDT and dieldrin was considered to be the
result of different genetic systems of which some
factors are common to both (Oshima, 1958a, 1958b).
There is evidence that in certain strains of Drosophila
at least, DDT is metabolized to a hydroxyl derivative
(Kelthane) and not to DDE (Tsukamoto-personal
communication to WHO, 7 May 1959).
The production of DDE by DDT-resistant adults

of Anopheles sacharovi has been demonstrated in
Adana, Turkey and in Skala, Greece, the more
highly-resistant Adana strain producing much
more DDE. Adult A. sacharovi collected from
the field after exposure to DDT only as larvae
also contained this metabolite. Field-collected
adults of A. atroparvus, A. maculipennis typicus,
A. labranchiae, A. superpictus and A. claviger from
Italy exhibited normal susceptibility and converted
little DDT to DDE. Both susceptible and resistant
laboratory strains of A. stephensi and A. atroparvus
exhibited low DDE production in proportion to the
level of resistance. The production of DDE in vitro
by highly-resistant A. sacharovi could not be de-
monstrated (Perry, 1960). DDT-resistance in A. sun-
daicus, in which DDE production has been shown
to occur (Kearns, 1957), is attributed to a single
recessive gene (Davidson, 1958).
A tendency towards a higher lipoid content in two

DDT-resistant strains of A. atroparvus than in a

susceptible one has been reported (Neri, Ascber &
Mosna, 1958). The increase in DDT-resistance of
laboratory colonies of A. atroparvus was found to be
associated with an increase in the number of hetero-
zygotes for an inversion on the third chromosome
(Mosna et al., 1958, 1959), the inversion being
apparently transmitted as a genetic unit owing to the
lack of crossing over (D'Alessandro, Frizzi &
Mariani, 1958).

It has been demonstrated that the reduced
activity of the larvae of A. quadrimaculatus under
ether anaesthesia interferes with the attainment of a
lethal dose of DDT, suggesting that initially the
insecticide may be actively attached to or transported
across the cuticle (Jones, 1958).

Adult A. albimanus from the Chagres River
villages of Santa Rosa and Gatuncillo, Panama,
showed mean excitation times on DDT-treated
surfaces that were significantly less than those for an
untreated population at Rio Gatun (Brown, 1958c).
A high degree of irritability to DDT deposits has also
been reported in A. sacharovi from Greece, Romania
and Italy, as well as in A. maculipennis and A. labran-
chiae in Italy (Zulueta, 1959).
The inheritance of DDT-resistance in the Trinidad

strain of Aedes aegypti has been attributed to a
single gene allele (Coker, 1958; Qutubuddin, 1958).
DDT-pressure on larvae for five generations resulted
in a drop in mortality from approximately 82% to
2% (Surtees, 1958). Thirteen generations of selection
of the Trinidad strain with DDT produced larvae no
longer affected by any concentration of DDT and
also produced highly-resistant adults (Craig- to be
published). When a susceptible and a resistant strain
(Trinidad) were exposed to their respective LC50's
for DDT, the total free amino-acid content decreased
in the susceptible strain and increased in the resistant
one (Micks, Singh & Ferguson).' It has since been
shown that the decrease in amino-acid content in
the susceptible strain is so slight as to be unimportant.
Both susceptible and DDT-resistant larvae of

Culex fatigans were shown to produce DDE, the
resistant strain taking up more of the insecticide and
converting most of it to DDE (Hoskins, Miskus &
Eldefrawi, 1958). On the other hand, adults of a
DDT-resistant strain of C. pipiens molestus absorbed
large amounts of DDT but converted relatively little
to DDE (Perry, 1960).

In spite of the apparent lack of DDT-resistance in
Periplaneta and Blattella, both have been used in a

1 Reported in: Information circular on the resistance
problem, No. 18, May 1959 (unpublished WHO document)
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number of investigations of the problem. P. ameri-
cana excretes quantities ofDDT and DDE along with
an oxidation product similar in its chromatogra-
phic behaviour to dichlorobenzophenone (Hoskins
& Witt, 1958); two other metabolites simulating
DDE are also excreted (Hoskins, Miskus &
Eldefrawi, 1958). DDT-poisoned roaches exhibited
a depletion in haemolymph proline, the major
amino-acids showing insignificant changes (Corrigan
& Keams, 1958). In studies with Blattella, the
topical application of radioactive DDT to com-
paratively-susceptible roaches produced four meta-
bolites more polar than DDT, the least polar product
containing dichlorobenzophenone. DDE appeared
to be absent (Hoskins, Erwin & Andrews, 1958).
DDT was metabolized at a greater rate by a DDT-
resistant strain (Hoskins, Miskus & Eldefrawi, 1958).
Cross-resistance studies emphasized the distinctness
of DDT-resistance, which extends to methoxychlor,
and of chlordane-resistance, which extends to
dieldrin (Clarke & Cochran, 1959).
Whereas susceptible and resistant body lice both

metabolized DDT in vitro at approximately the same
rate, only resistant lice metabolized it in vivo. A
metabolite yielded a product with characteristics
unlike DDT, DDE or DDA (Perry & Buckner,
1958). The enzyme DDT-ase involved in this
detoxication is not precipitated by ethanol or hydro-
lysed by proteases and is heat stable (Perry, 1958).
Attempts to accelerate the loss of DDT-resistance in
two resistant strains by reverse selection with
3-p-chlorophenoxy-1,2-propane oxide used as a
knockdown agent were unsuccessful (Cole & Clark,
1958).

In both Cimex lectularius and C. hemipterus it has
been demonstrated that two kinds of resistance can
develop, either independently or in conjunction.
One involves DDT, methoxychlor and analogues;
the other involves gamma-BHC, dieldrin and other
chlorinated cyclodiene insecticides (Busvine, 1958).

Soft ticks (Ornithodorus coriaceus) metabolized
DDT almost completely but the resulting metabolites
failed to give the Schechter-Haller reaction (Hoskins
& Witt, 1958).

Resistance to BHC and cyclodienes
In studies on the mechanisms of BHC-resistance,

a comparison between a susceptible and a BHC-
resistant strain of M. domestica revealed no differ-
ences in absorption of gamma-BHC, excretion of
water-soluble metabolites, or total lipoid content.
Microcrystals of gamma-BHC applied to the

surface of the thoracic ganglion caused toxic
symptoms in susceptible flies but not in resistant
ones (Bridges).' Similarly, nerve susceptibility
to dieldrin was found to be lower in a dieldrin-
resistant strain of houseflies than in a normal one
(Yamasaki & Narahashi, 1958a). Extracts of BHC-
treated flies contained pentachlorocyclohexene, tri-
chlorobenzene and acidic substances in small
amounts (Bradbury & Standen, 1958). The alkaline
hydrolysis of metabolites from resistant flies pro-
duced 610% to 68% dichlorothiophenols (Bradbury
& Standen, 1959). Comparisons between a dieldrin-
resistant and a susceptible strain of houseflies
revealed no appreciable differences in the absorption
of the radioactive sulfur analogue of dieldrin or in
its metabolism to water-soluble products (Wintering-
ham & Harrison).' However, a disturbance of
the phosphorus metabolism at the level of aipha-
glycerophosphate occurred in the thoracic tissues
of the adult housefly in vivo as the result of diel-
drin treatment (Winteringham & Roulston).2 The
examination of five strains failed to reveal any
significant differences between resistant and normal
flies with regard to epicuticular waxes or lipoids
(Bradbury, Campbell & O'Carroll, 1958). The
thoracic ganglia of resistant flies showed approxim-
ately one-half the dieldrin-sensitivity of those of a
normal strain (Yamasaki & Narahashi, 1958b).

In extension of the knowledge that isodrin is con-
verted to endrin in flies (Winteringham & Lewis,
1959), it has been shown that susceptible and
resistant strains accomplish this conversion at
approximately the same rate (Brooks).' Simi-
larly, normal and heptachlor-resistant strains absorb
heptachlor and produce the epoxide at about
the same rate (Perry, Mattson & Buckner, 1958).
The inheritance of aldrin-resistance in M. domestica
nebulo is now considered to be polyfactorial and
selection with aldrin by topical application has been
shown to increase the resistance from a survival rate
of 38 %-90% in the first three generations to 100% in
the sixth generation. Seven generations of gamma-
BHC pressure produced similar results (Abedi,
1958; 1959). Dieldrin-resistance in Lucilia cuprina
has been shown to be due to a partially-dominant,
single gene (Shanahan, 1959).

Studies with A. gambiae have demonstrated that
susceptible and dieldrin-resistant adults do not differ

1 Reported in: Information circular on the resistance prob-
lem, No. 16, January 1959 (unpublished WHO document)

' Reported in: Information circular on the resistance prob-
lem, No. 17, March 1959 (unpublished WHO document)
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appreciably in body-lipoid content (Bradbury &
Standen, 1958). Delayed effects of dieldrin-intoxica-
tion have been noted in A. atroparvus, A. gamnbiae
and A. stephensi larvae (Rehm, Garms & Weger,
1958) and in A. quadrimaculatus pupae (Jones, 1959),
the adults from exposed larvae or pupae dying more
rapidly than the controls.
The exposure of tarsal neurons of Blattella and

Drosophila to residual deposits of heptachlor,
chlordane, aldrin or endrin caused the Nissl bodles
to disappear (Roche & Lhoste, 1958). Susceptible
and chlordane-resistant B. germanica males con-
tained significantly-different quantities of malic
dehydrogenase but it is not known how this relates to
resistance (Young, 1958).

Resistance to organophosphorus compounds

Investigations of the role of detoxication in
resistance to organophosphorus insecticides have
shown that this process proceeds at a higher rate in
resistant houseflies: the more parathion-resistant
the strain the greater the accumulation of paraoxon
(Oppenoorth, 1958a). All diazinon-resistant strains
tested were found to eliminate more diazoxon than
susceptible strains or a malathion-resistant strain
in vitro; the greatest capacity for eliminating dia-
zoxon was shown by a strain in which resistance
depended upon a single gene (Oppenoorth & van
Asperen-personal communication, 8 July 1959).
Detoxication may be due in part to alkaline hydro-
lysis (Metcalf, 1959), since it has been demonstrated
that the nerve cord of houseflies hydrolyses phenyl
thioacetate to a non-toxic compound, suggesting
protective detoxication (Winton, Metcalf & Fukuto,
1958). The discovery that a highly malathion-
resistant strain metabolizes malaoxon twice as fast
as a normal strain (March, 1958a) further empha-
sizes the important role of detoxication. There is
evidence that this is carried out by the phosphatases
splitting off dimethylthiophosphate or phosphate
(Krueger & O'Brien, 1958).

It has been shown that O-P resistant strains
exhibit lower aliesterase activity (van Asperen &
Oppenoorth, 1959) which seems to depend upon a
single gene in both a diazinon-resistant and a
malathion-resistant strain (Oppenoorth & van
Asperen-personal communication, 8 July 1959).
Aliesterase was found to be more powerfully in-
hibited than cholinesterase in the presence of
DDVP and parathion (van Asperen, 1958). The
lack of any consistent differences in cholinesterase
levels has been demonstrated by comparisons

between numerous organophosphorus-resistant and
susceptible strains (van Asperen & Oppenoorth,
1959; March, 1958b).' The tolerance of two
resistant strains of D. melanogaster to parathion,
paraoxon and tabun was associated with a much
slower loss of cholinesterase in vivo. The original
cholinesterase levels and the in vitro sensitivity of
the enzyme to these compounds were virtually
the same in susceptible and in resistant strains
(Rasmuson & Holmstedt, 1958).
There is evidence that two different resistance

mechanisms may operate in housefly resistance to
organophosphorus compounds. A parathion-resist-
ant strain and a diazinon-resistant strain showed
cross-resistance to paraoxon, while another diazinon-
resistant strain was susceptible to this compound
(Oppenoorth, 1958b). An American strain exhibited
high malathion-resistance coupled with low resistance
to parathion, paraoxon and diazinon, whereas other
strains showed the reverse relationship (Busvine,
1959). The inheritance of parathion resistance in one
of these strains (Italian) was found to be due to a
single dominant gene (Nguy & Busvine, see page 531,
this issue). Twenty generations of continuous selec-
tion pressure on malathion-resistant, diazinon-resist-
ant and parathion-resistant strains of houseflies
raised the level of resistance of the first two strains
(100-fold and 62-fold, respectively) but failed to
increase it in the parathion-resistant strain (Wilson et
al., 1959). A diazinon-resistant field strain selected
for nine generations showed increases in resistance to
diazinon, Chlorthion, ronnel, parathion and mala-
thion of 38-, 23-, 18-, 16- and 5-fold, respectively.
However, these increases were greatly exceeded by
those in chlorinated hydrocarbon resistance, which
for DDT, TDE and methoxychJor were greater than
6400-, 1290- and 3600-fold, respectively (Forgash
& Hansens, 1959). A slightly-resistant strain
exhibited a behaviouristic avoidance of malathion
baits which became more marked as malathion-
resistance increased (Fay, Kilpatrick & Morris,
1958). When malathion-resistant flies were allowed
access to malathion and Dipterex baits, the
malathion baits killed 40% of the females and 85%
of the males. Both physiological and behaviouristic
resistance were involved in the survival of the
females. Dipterex baits killed all flies (Schmidt &
Labrecque, 1959). Cross-resistance tests have
indicated that parathion-resistance in Aides nigro-

1 Also reported by Quarterman in: Information circular
on the resistance problem, No. 11. March 1958 (unpublished
WHO document)
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maculis did not extend to malathion or Guthion and
that resistant populations could be successfully con-
trolled with methyl parathion (Lewallen & Nichol-
son, 1959). Selection of a malathion-susceptible
laboratory colony of Blattella germanica with
malathion pressure produced a 4- to 11-fold increase
in resistance from the F5 through Flo generations
(Burden, Lofgren & Eastin, 1959).
The search for insecticidal chemicals which are

more effective against insecticide-resistant strains
than against normal ones has continued. A chlordane-
resistant strain of houseflies and a strain developed
under chloracetic acid pressure showed enhanced
susceptibility to cetyl bromacetate, and the same
phenomenon was observed in a diazinon-resistant
and a DDT-resistant strain (Ascher, 1958a; 1958c).
Also, four DDT-resistant strains were more sus-
ceptible to cetyl bromacetate than two susceptible
ones. However, when the two-hour exposure
period was reduced to thirty minutes, the results
were reversed in most tests (Bettini, Boccacci &
Natalizi, 1958b). Of a series of alkyl esters of brom-
acetic acid and of chloracetic acid tested against fly
larvae, the lauryl esters were the most potent
insecticides, lauryl bromacetate being as toxic to a
multiresistant strain as to anormal one(Ascher, 1 958b).
Bromacetate compounds exhibited a greater speed of
action than the corresponding chloracetates (Bettini,

Boccacci & Natalizi, 1 958a). Certain bromomalonates
failed to show a greater toxicity to resistant flies
(Ascher, 1958c). Dieldrin-resistant houseflies ap-
peared to recover much more slowly than normal ones
from the effects of cyclopropane, ethylene dichloride
and carbon dioxide (Winteringham & Harrison).'
The dominant factor for phenylurea (PU) resist-

ance in a strain of Drosophila melanogaster has been
traced to the same locus (66) on the second chromo-
some as that which confers resistance to DDT, BHC
and parathion, as well as unusual susceptibility to
phenylthiourea (PTU). The dominant gene at locus
50 on the third chromosome which confers resistance
to nicotine sulfate also confers resistance to PU and
PTU (Ogita, 1958a). On the basis of these findings, it
was possible to prepare an insecticide containing the
minimum amount of PTU needed to kill DDT-
resistant strains and the minimum amount of DDT
required to kill the PTU-resistant flies; with this
combination all resistant strains were killed (Ogita,
1958b). Selection pressure with PTU removed the
resistance to DDT, BHC and parathion, whereas PU
pressure restored it. Combined PTU and PU
pressure produced flies resistant to nicotine sulfate.
Of the several thiourea compounds investigated,
only p-chlorophenyl-thiourea exhibited an insecti-
cidal action negatively correlated with that of
DDT, BHC, parathion and PTU (Ogita).2

RtSUMt

Depuis la derniere mise au point concernant la resis-
tance des insectes aux insecticides, qui date du debut
de 1958, la resistance est apparue chez 16 nouvelles
especes, dont 14 sont des anopheles. Chez 14 des especes
precedemment reperees, I'aire de dispersion des popula-
tions resistantes a augmente et les modalites de la resis-
tance se sont accrues. Ce danger grandissant a motive
de la part de l'OMS une nouvelle intensification de 1'en-
couragement aux recherches.

Cet article fait le point de la situation. L'auteur y
expose d'abord le developpement de la resistance chez
chacune des especes, puis indique dans quel sens les
recherches se poursuivent, et avec quels resultats. C'est
a la dieldrine seulement que 13 des ( nouvelles ) especes
sont resistantes. Il semble se confirmer que la resistance
est la resultante de la pression de la selection. Les pro-
cessus de detoxication ont e precises dans plusieurs cas.
L'eude de la resistance croisee 'a divers types d'insecti-
cides, et celle des genes impliques dans la transmission
hereditaire de la resistance a ete approfondie. C'est ainsi
qu'il a e possible d'etablir que le facteur dominant de

la resistance a la phenyluree (PU) chez une souche de
drosophile etait situe au meme locus du 2e chromosome
que celui qui lui confere la resistance au DDT, au HCH
et au parathion, de meme qu'une extreme sensibilite a la
phenylthiouree (PTU). Dans d'autres souches, le gene
dominant, au locus 50 du 3e chromosome, qui confere la
resistance au sulfate de nicotine confere egalement la
resistance a la PU et a la PTU. Sur la base de ces decou-
vertes, on a prepare un insecticide contenant la quantite
minimum de PTU necessaire pour tuer les souches resis-
tantes au DDT, et la quantite minimum de DDT neces-
saire pour tuer les souches resistantes A la PTU. De cette
faron, on a obtenu la destruction de toutes les souches
resistantes. La pression selective exercee par PTU fait
disparaitre la resistance au DDT, au HCH et au para-
thion. La pression selective de PTU et PU reunies a pour
resultante des souches resistantes au sulfate de nicotine.

1 Reported in: Information circular on the resistance prob)
lem, No. 16, January 1959 (unpublished WHO document-

2 Reported in: Information circular on the resistance prob-
lem, No. 17, March 1959 (unpublished WHO document)
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